INTRODUCTION
consumption of salty, spicy, and barbecued (charbroiled) animal products [7] [8] [9] .
The main treatments for gastric cancer are surgery, chemotherapy, targeted therapy, and radiation therapy. Among these methods, surgery, often in combination with other treatments, offers the only real chance to cure gastric cancer, with consideration of the type and stage of disease [10] . However, after gastric resection surgery, the restrictive diet instituted to address postoperation concerns may accelerate malnutrition [11] . Approximately 40% of gastrectomy patients suffer from malnutrition, which acts as a major cause for development of complications and increased length of hospital stay, increasing medical expenses [11] [12] [13] .
In several recent studies, the lack of nutritional education provided to postgastrectomy patients led to increased time required for patients to adjust to normal life, and further reduced patient quality of life, along with increasing the risk of malnutrition [14] [15] [16] .
Previous studies conducted conventional nutrition education interventions for gastrectomy patients for a short period of time, often just the duration of the patient's hospital stay, or just before hospital discharge. Moreover, those interventions included a one-time event rather than continuous management [16] .
To improve the nutritional intake among gastrectomy patients after surgery, a balanced diet during the hospitalization is required, as well as further intervention during recuperation at home. Therefore, we evaluated the effectiveness of a multiphase intensive nutrition intervention, implemented for 3 months following hospital discharge, on nutritional status and quality of diet and life among gastrectomy patients in South Korea.
METHODS

Subjects and study design
This prospective, controlled clinical trial was conducted at Kyung Hee University Hospital at Gangdong (Seoul, South Korea) from December 2011 to December 2012. Seventy-three inpatients with early gastric cancer underwent gastrectomy surgery (total or partial). Subjects were excluded from the study if they met the following exclusion criteria: diagnosis of any serious disease or condition (e.g., chronic renal failure, dialysis, uncontrolled diabetes mellitus, liver disease, or ascites), currently undergoing chemotherapy, or under 18 years old. Sixty-five eligible subjects were enrolled in this intervention. The subjects were classified into 2 groups: group 1 refers to patients who underwent surgery between December 2011 and May 2012 and received 7 sessions of nutrition education (intensive education group, IE); group 2 refers to patients who underwent surgery between June and December 2012 and received a one-time education session (conventional education group, CE). During the nutrition education period, 12 subjects dropped out for personal issues, such as starting chemotherapy, or were noncompliant during study follow-up. Finally, we analyzed complete data from 53 participants (28 in the IE group and 25 in the CE group). Fig. 1 shows a flowchart of participant enrollment. All participants provided written informed consent and the study was approved by the Institutional Review Board of Kyung Hee University Hospital at Gangdong, Seoul, South Korea (IRB number: KHNMC 2011-071).
Data collection
General information and blood parameters We collected information regarding general characteristics (age, length of hospital stay, fasting periods, medical history, type of operation, method of reconstruction, and health-related behaviors, such as smoking status [nonsmoker, ex-smoker, smoker], and alcohol consumption behaviors [nondrinker, social drinker, heavy drinker]) from electronic medical records (EMRs) or face-to-face interviews with participants.
For biochemical parameters, the values of total protein, albumin, hemoglobin, hematocrit, blood urea nitrogen, creatinine, and total lymphocyte count were collected from EMRs at 3-time points (at admission, immediately before discharge, and at 3 months post-discharge).
Anthropometric measurements Weight (kg) and height (cm) were measured to the nearest 0.1 kg and 0.1 cm, respectively, using a body composition analyzer (Inbody 720, Biospace Company Ltd., Seoul, Korea). Body mass index (BMI) was calculated using this formula: BMI (kg/m 2 )
= body weight (kg)/height (m) 2 . Triceps skinfold thickness (TSF) and midarm circumference (MAC) were measured. All anthropometry was performed on the nondominant arm. Equipment included calibrated Holtain calipers (Holtain Ltd., Croswell, Crymych, UK) and a fiberglass tape (seca 200, SECA, Hamburg, Germany). The midarm muscle circumference (MAMC) was calculated. Anthropometric data were collected at admission, upon discharge from hospital, and at 3 weeks and 3 months post-discharge in an outpatient setting.
Assessment of nutritional status Patient-generated subjective global assessment (PG-SGA) is a tool that experienced clinicians use to assess patient nutritional status based on their medical history and physical symptoms [17] . PG-SGA measures includes 7 different categories, including weight change, food intake change, nutrition impact symptoms, activities and function, physical exam, disease and its relation to nutritional requirements and metabolic demand. The total score was computed by adding up the scores obtained for each category, and generally ranged from 0 to 35. A higher score indicates greater severity of malnutrition. The nutritional triage recommendations were as follows: 0-1, no intervention required at this time; 2-3, education required by dietitian; 4-8, intervention required by dietitian; ≥9, intensive intervention required by a dietitian. This measure was administered to patients 5 times over the study period, in face-to-face meetings with a registered dietitian.
Nutrition education process and dietary assessment
Each nutrition education session included 4 steps: assessment, diagnosis, intervention, and monitoring and evaluation. The assessment step began with an evaluation of nutritional status and identification of any problems, using the anthropometric data, blood analysis results and PG-SGA scores for each participant. In the diagnosis step, we identified and described a specific nutrition problem, nutrition etiology, and nutrition symptoms. To resolve or address nutritional problems for each patient, a clinical dietitian carried out the nutrition intervention providing advice, education, or the delivery of the food component of a specific diet or meal plan tailored to the patient's needs. The contents of nutrition education included ways to maintain a balanced diet and recommended foods and dietary habits. Moreover, education explored possible postgastrectomy symptoms, as well as recipes for healthy snacks and recommended menus for a quick surgical recovery. Lastly, the monitoring and evaluation step included nutrition monitoring, nutrition evaluation, nutrition care outcomes, and nutrition care indicators. This step maintains the relationship between the participants and the registered dietitian. Follow-up interviews were used to reinforce the intervention. The nutritional intervention of the 2 groups varied in both frequency and content. The IE, multiphase nutrition education group had a total of 7 education interventions, including 5 faceto-face meetings with a dietitian (twice during hospitalization, at discharge from hospital, at 3 weeks post-discharge and at 3 months post-discharge) and 2 phone interventions (once between discharge from hospital and 3 weeks post-discharge, and once between 3 weeks and 3 months post-discharge). The clinical registered dietitian followed a standardized protocol for the sessions. Discussion of current weight and oral dietary intake were assessed by patient report and individualized nutritional counseling was conducted to improve dietary intake as required. Gastrointestinal symptoms such as reflux, bloating/ wind, anorexia, early satiety, vomiting, and bowel habits were discussed, and advice to alleviate symptoms was provided. In addition to verbal advice, written advice and oral or enteral nutrition supplementation were provided as necessary.
The CE, single-phase nutrition education group underwent only a single education intervention upon discharge from the hospital before randomization. The CE group received education about general care and checkup without nutrition education.
Dietary intake data for both groups were collected using 3-day food records (2 weekdays, 1 weekend day) completed before patients had a scheduled visit to the hospital (the first scheduled visit was 3 weeks after hospital discharge, the second, 3 months after discharge). Patients were instructed to record their usual food intake, all food items and beverages, immediately upon consumption. All of the food items, cooking methods, and amounts consumed were confirmed by the Significantly different at P < 0.001 within each group using the Friedman test. 0th, at admission (baseline); 3rd, at discharge; 5th, 3 weeks after discharge; 7th, 3 months after discharge.
dietitian using food models and measuring tools. Participant nutrient intake was assessed using a computer-aided nutritional analysis program, CAN Pro version 4.0 (The Korean Nutrition Society, 2010; Seoul, Korea).
Self-efficacy and satisfaction with intake Dietary self-efficacy and satisfaction with intake was assessed in both groups at hospital discharge and 3 months after discharge. This 9-item questionnaire was developed for this study. Each item was ranked on a 5-point Likert scale from 1 (strongly disagree) to 5 (strongly agree). Possible total scores on this measure ranged from 9 to 45, with higher scores indicating greater self-efficacy and satisfaction with intake-related quality of life.
Statistical analysis
Results are expressed as mean ± standard deviation or as percentages. The Mann-Whitney U test was applied to determine differences between the 2 groups; to verify the existence of such differences, the Friedman Test for repeated measures complemented with multiple comparisons tests was computed. Statistical significance was defined as P < 0.05. Statistical analyses were performed using SAS ver. 9.2 (SAS Institute Inc., Cary, NC, USA).
RESULTS
Mean age of the subjects was 57.4 years in the IE group and 59.9 years in the CE group (Table 1) . The average hospital length of stay were 13.3 days and 16.2 days, respectively (P = 0.041). The mean length of nothing per oral (NPO) of the IE group was shorter than that of the CE group (6.6 days vs. 8.2 days, P = 0.050). No significant differences were found between the 2 groups regarding BMI, medical history, health-related behaviors, type of operation, or method of reconstruction. Most patients had a laparoscopic gastrectomy (79.2%) and Billroth I operation (71.7%) for reconstruction.
Comparisons of anthropometric variables between the IE and CE groups over time can be seen in Fig. 2 . Weight, TSF, MAC, and MAMC significantly decreased over time (P < 0.001) regardless of group membership. At 3-week post-discharge, levels of MAC and MAMC decreased at a significantly higher rate among those in the CE group than among those in the IE group (P < 0.05).
No significant differences were seen in blood parameters between the 2 groups ( Table 2) . Most blood parameters such as total protein, albumin, hemoglobin, blood urea nitrogen, creatinine, and total lymphocyte count decreased at discharge regardless of the groups. However, by 3-month post-discharge, these parameters returned to their admission levels (P < 0.001).
Nutritional statuses of the subjects are summarized in Table   Table 2 . Blood parameters (biochemical) between the intensive and conventional education groups Significantly different at P < 0.001 within each group by the Friedman test.
3. According to the PG-SGA criteria, the total SGA scores (based on a 50-point maximum) were significantly higher in the CE group than in the IE group at discharge (6.6 in the IE group vs. 8.0 in the CE group, P < 0.001), and at 3-week post-discharge (5.2 in the IE group vs. 10.4 in the CE group, P < 0.001), with higher scores indicating greater severity of malnutrition. In addition, the IE group scored significantly lower on some PG-SGA subscales (i.e., food intake change at discharge [P < 0.05], activity and function, and physical examination at 3-week post-discharge [P < 0.05]). Of particular note, nutrition impact symptoms of PG-SGA after discharge (at discharge, 3-week and 3-month post-discharge) were significantly better in the IE group than in the CE group (P < 0.05). Patient nutrient intake both 3-week and 3-month post-discharge are presented in Table 4 . There was a mean increase in energy intake over the 3 months in the IE group (from 1,390 kcal/day at 3-week post-discharge to 1,726 kcal/day at 3-month post-discharge) and in the CE group (from 1,227 kcal/ day at 3-week post-discharge to 1,540 kcal/day at 3-month postdischarge). At 3-week post-discharge, the IE group members had significantly higher daily protein and fat intake (P < 0.05) compared with those in the CE group. There were no significant differences in overall nutrient intake (e.g., carbohydrate, protein, fat, iron, calcium) between the 2 groups 3-month postdischarge.
The overall value of self-efficacy and satisfaction with in take differed on both depending on the state of being hospitalized (Table 5) . The value of self-efficacy while being hospitalized differed in each category and subtotal (P < 0.001) except on the item stating, "I am having difficulty eating adequate food for my health status." Moreover, the value of satisfaction with meals significantly varied on the item, "I am satisfied with the Values are presented as mean ± standard deviation. CE, conventional education group; IE, intensive education group; PG-SGA, patient-generated subjective global assessment. *Significantly different at P < 0.05, P < 0.001 between groups by the Mann-Whitney test. a) Significantly different at P < 0.001 within each group by the Friedman test. PG-SGA is a tool that experienced clinicians use to assess patient nutritional status based on their medical history and physical symptoms [17] . PG-SGA measures includes 7 different categories. A higher score indicates greater severity of malnutrition. The nutritional triage recommendations were as follows: 0-1, no intervention required at this time; 2-3, intervention as indicated by symptom survey and lab values as appropriate; 4-8, intervention required by dietitian; ≥9, indicates a critical need for improved symptom management and/or intensive intervention required by a dietitian. current meal size (portion)" (P < 0.001) and "I am satisfied with the menu content of my meal" (P < 0.001). While the value of self-efficacy varied significantly in all categories, satisfaction with intake did not. The value of dietary intake did not show any statistically significant differences at 3-month postdischarge.
DISCUSSION
This study compared and evaluated the effects of an intensive multiphase nutrition intervention relative to a conventional single-phase nutrition education on nutritional status and quality of diet and life among gastrectomy patients in South Korea.
Weight loss after gastrectomy results from insufficient intake, and malabsorption is a common symptom of malnutrition right after surgery [18, 19] . Yu et al. [20] suggested that the cause of weight loss and continued malnutrition among gastrectomy patients, even after being discharged, is a poor supply of nutrients. We found that over 90% of subjects lost about 5% (~3 kg) of their body weight after surgery. Other studies reported Values are presented as mean ± standard deviation. CE, conventional education group; IE, intensive education group. Subjects were asked to respond on a 5-point scale ranging from 1 (strongly disagree) to 5 (strongly agree). *Significantly different at P < 0.05, P < 0.001 between group by the Mann-Whitney test.
rates of weight loss after gastrectomy ranging from 4% to 72.8% [20] [21] [22] . For example, Jeong et al. [22] reported that 72.8% of subjects suffered from severe weight loss (more than 5% weight loss) and suggested the importance of nutrition intervention on nutritional status of patients undergoing gastrectomy. In addition, some previous studies defined nutritional problems appearing after surgery as malnutrition caused by severe weight loss, and highlighted the need for a nutritional intervention with patients after hospital discharge [18, 23] . In accordance with weight loss, other anthropometric parameters (e.g., MAC, TSF, and MAMC) also decreased after surgery in our study. These results are similar to those of previous studies, and these aspects changed with time and intervention type [24] .
For an accurate assessment of nutritional status, a validated and appropriate method of assessment is necessary. Some studies emphasized the need for both a subjective and objective nutritional evaluation for patients with gastric cancer [11] . There are several comprehensive nutrition assessment tools such as the PG-SGA, nutritional risk screening (NRS-2002), nutritional risk index (NRI), and mini nutritional assessment. Like other studies [16] , we used the PG-SGA as a nutritional assessment tool for gastrectomy patients, and examined the significance of this intervention. The IE group, having received nutritional education multiple times, showed significant improvement in their nutritional status in terms of changes in intake, symptoms, physical activity and somatic signs of PG-SGA when compared to the CE group, with a one-time education. We could confirm the progress of nutritional status among patients who had undergone gastrectomy with limitrophic care using the PG-SGA, even after they were discharged. Therefore, the PG-SGA is a useful nutritional assessment tool for gastrectomy patients both pre and postsurgery, even during the convalescence period.
In another study, 84.6% of South Korean gastrectomy patients demonstrated symptoms of malnutrition 5 days postsurgery, as measured using the NRI; among them, 10.9% of patients developed complications. Therefore, a comprehensive screening tool was able to detect the development of malnutrition as a complication after surgery [12] . While still assessing the nutritional status with one or two indicators (e.g., serum albumin, protein, etc.), using comprehensive and multilateral tools to assess nutritional status rather than just these single indicators is useful for gastrectomy patients.
In terms of the effect of nutrition education, there are several studies specific to the effects of gastrectomy among gastric cancer patients [21, 25] . For example, in Carey et al. [21] 's recent study, a prospective randomized controlled trial, 27 gastrointestinal surgery patients were randomly assigned to have dietetic follow-up fortnightly for 6 months and compared to a control group. More recently, a study found that healthrelated quality of life concerns are associated with dietary management. After surgery, nutritional intervention is needed to improve the patient's eating, to prevent malnutrition and excessive weight loss [26] . In addition, a study suggested that eating strategies for gastrectomy patients were still maladaptive. Therefore, health professionals should support nutrition education for appropriate eating after gastric surgery [27] . Our study is far from being complete but significant enough to recognize the importance of intensive nutrition education for gastrectomy patients.
There are very few well-designed studies in this area, particularly Korean studies demonstrating the benefits of intensive and multiphase nutrition counseling. Our results showed that intensive nutrition education was more effective in improving nutritional status, intake, and quality of life than a single session control. Regarding change in diet, the intake of gastrectomy patients is known to be very poor immediately after surgery [28] . We found that energy intake increased by approximately 300 kcal and daily protein and fat intakes significantly increased after the 3-month multiphase education intervention.
Gastrectomy patients generally lack energy and nutrients resulting from poor food intake after surgery. To improve patient nutritional status and to prevent weight loss, the efforts of a clinical dietitian providing repetitive nutrition education and management are necessary.
In addition, evidence suggests that nutritional status and food intake are strongly linked to quality of life [22, 29] . Based on the study of Song et al. [30] stating that quality of life for long-term cancer survivors is higher than that of short-term survivors, we can draw the following conclusions: follow-up management on nutritional intervention for patients undergoing gastrectomy will have a positive impact on their quality of life, as well as improving their nutritional status.
Self-efficacy and satisfaction with intake in our study varied by the frequency and type of nutritional intervention. Reported self-efficacy improved after intensive nutritional education. Our subjects who received repeated education at discharge were satisfied with their current meal size and the menu contents of their meals. The results suggested that the clinical dietitian gave patients the courage to overcome their fear of food intake and achieve better quality of life by improving their confidence. Although there has been little to no research regarding selfefficacy and satisfaction with meals among gastrectomy patients, these factors related to quality of life will affect patient prognosis. This study has several strengths. Specifically, this is one of few attempts to examine nutritional status, diet quality, and quality of life between single-and multi-phase nutrition interventions among Korean gastric cancer patients who recently underwent gastrectomy.
Despite these strengths, this study has several limitations. First, we were not able to control all environmental factors, severity of the disease, even all early gastric cancer patients, or underlying medical conditions for each subject. Moreover, the characteristics of the subjects are different. Despite of the nonsignificance of the type of operation and method of reconstruction, the study group's baseline characteristics might be different in operative methods (open vs. laparoscopic gastrectomy, Billroth I/ Billroth II vs. Roux-en-Y reconstruction). In addition, the difference of the postoperative period of NPO might be related to the type of operation method. Second, the sample size of our study is relatively small and the observation periods are short. Although nutritional intervention is too complicated to perform for the enlarged population, some variables may be neglected due to small case numbers. Third, as the study subjects were operation patients, the level of nutrition education given to participants may be higher than that of the general public. The same may be true regarding participants' level of interest and willingness to attend the nutrition education sessions, and this could affect the outcomes of the study. In addition, nutrition education intervention is very hard to control the educator's effect generally. In order to reduce the influence, the division of the groups was selected based on duration. During each period, the patients were enrolled in this intervention randomly. Although there was an inevitable selection bias, the clinical characteristics of patients by the diagnosis of doctor in charge were of no significant differences between the 2 groups.
In conclusion, nutritional status as measured with the PG-SGA improved following an intensive nutritional intervention compared to single-phase nutrition education among gastrectomy in Korean patients. The IE group also demonstrated significantly greater self-efficacy and meal satisfaction, especially at 3-week post-discharge. Moreover, we believe that IE will help to build up eating habits that reduce the probability of complications, and contribute to the early detection of malnutrition, as well as reduce psychological stress and improve quality of life.
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